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10.0 Calibration and Standardization

10.1 Perform the calibration and stand-
ardization procedures specified in the ASTM
methods listed in Sections 6.1 through 6.6.

11.0 Analytical Procedure

Additional guidance can be found in Ref-
erence 2 of Section 16.0.

11.1 Non Thin-film Ultraviolet Radiation-
cured (UV radiation-cured) Coatings.

11.1.1 Volatile Content. Use the procedure
in ASTM D 5403 to determine the volatile
matter content of the coating except the
curing test described in NOTE 2 of ASTM D
5403 is required.

11.1.2 Water Content. To determine water
content, follow Section 11.3.2.

11.1.3 Coating Density. To determine
coating density, follow Section 11.3.3.

11.1.4 Solids Content. To determine solids
content, follow Section 11.3.4.

11.1.5 To determine if a coating or ink can
be classified as a thin-film UV cured coating
or ink, use the equation in Section 12.2. If C
is less than 0.2 g and A is greater than or
equal to 225 cm2 (35 in2) then the coating or
ink is considered a thin-film UV radiation-
cured coating and ASTM D 5403 is not appli-
cable.

NOTE: As noted in Section 1.4 of ASTM D
5403, this method may not be applicable to
radiation curable materials wherein the
volatile material is water.

11.2 Multi-component Coatings.
11.2.1 Sample Preparation.
11.2.1.1 Prepare about 100 ml of sample by

mixing the components in a storage con-
tainer, such as a glass jar with a screw top or
a metal can with a cap. The storage con-
tainer should be just large enough to hold
the mixture. Combine the components (by
weight or volume) in the ratio recommended
by the manufacturer. Tightly close the con-
tainer between additions and during mixing
to prevent loss of volatile materials. How-
ever, most manufacturers mixing instruc-
tions are by volume. Because of possible
error caused by expansion of the liquid when
measuring the volume, it is recommended
that the components be combined by weight.
When weight is used to combine the compo-
nents and the manufacturer’s recommended
ratio is by volume, the density must be de-
termined by Section 11.3.3.

11.2.1.2 Immediately after mixing, take
aliquots from this 100 ml sample for deter-
mination of the total volatile content, water
content, and density.

11.2.2 Volatile Content. To determine
total volatile content, use the apparatus and
reagents described in ASTM D2369 Sections 3
and 4 (incorporated by reference—see § 60.17
for the approved versions of the standard),
respectively, and use the following proce-
dures:

11.2.2.1 Weigh and record the weight of an
aluminum foil weighing dish. Add 3 ± 1 ml of
suitable solvent as specified in ASTM D2369
to the weighing dish. Using a syringe as
specified in ASTM D2369, weigh to 1 mg, by
difference, a sample of coating into the
weighing dish. For coatings believed to have
a volatile content less than 40 weight per-
cent, a suitable size is 0.3 + 0.10 g, but for
coatings believed to have a volatile content
greater than 40 weight percent, a suitable
size is 0.5 ± 0.1 g.

NOTE: If the volatile content determined
pursuant to Section 12.4 is not in the range
corresponding to the sample size chosen re-
peat the test with the appropriate sample
size. Add the specimen dropwise, shaking
(swirling) the dish to disperse the specimen
completely in the solvent. If the material
forms a lump that cannot be dispersed, dis-
card the specimen and prepare a new one.
Similarly, prepare a duplicate. The sample
shall stand for a minimum of 1 hour, but no
more than 24 hours prior to being oven cured
at 110 ± 5 °C (230 ± 9 °F) for 1 hour.

11.2.2.2 Heat the aluminum foil dishes
containing the dispersed specimens in the
forced draft oven for 60 min at 110 ± 5 °C (230
± 9 °F). Caution—provide adequate ventila-
tion, consistent with accepted laboratory
practice, to prevent solvent vapors from ac-
cumulating to a dangerous level.

11.2.2.3 Remove the dishes from the oven,
place immediately in a desiccator, cool to
ambient temperature, and weigh to within 1
mg.

11.2.2.4 Run analyses in pairs (duplicate
sets) for each coating mixture until the cri-
terion in Section 11.4 is met. Calculate WV

following Equation 24–2 and record the arith-
metic average.

11.2.3 Water Content. To determine water
content, follow Section 11.3.2.

11.2.4 Coating Density. To determine
coating density, follow Section 11.3.3.

11.2.5 Solids Content. To determine solids
content, follow Section 11.3.4.

11.2.6 Exempt Solvent Content. To deter-
mine the exempt solvent content, follow Sec-
tion 11.3.5.

NOTE: For all other coatings (i.e., water-or
solvent-borne coatings) not covered by
multicomponent or UV radiation-cured coat-
ings, analyze as shown below:

11.3 Water-or Solvent-borne coatings.
11.3.1 Volatile Content. Use the procedure

in ASTM D 2369 to determine the volatile
matter content (may include water) of the
coating.

11.3.1.1 Record the following information:

W1 = weight of dish and sample before heat-
ing, g

W2 = weight of dish and sample after heating,
g

W3 = sample weight, g.
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11.3.1.2 Calculate the weight fraction of
the volatile matter (Wv) for each analysis as
shown in Section 12.3.

11.3.1.3 Run duplicate analyses until the
difference between the two values in a set is
less than or equal to the intra-laboratory
precision statement in Section 13.1.

11.3.1.4 Record the arithmetic average
(Wv).

11.3.2 Water Content. For waterborne
coatings only, determine the weight fraction
of water (Ww) using either ASTM D 3792 or
ASTM D 4017.

11.3.2.1 Run duplicate analyses until the
difference between the two values in a set is
less than or equal to the intra-laboratory
precision statement in Section 13.1.

11.3.2.2 Record the arithmetic average
(ww).

11.3.3 Coating Density. Determine the
density (Dc, kg/l) of the surface coating
using the procedure in ASTM D 1475.

11.3.3.1 Run duplicate analyses until each
value in a set deviates from the mean of the
set by no more than the intra-laboratory
precision statement in Section 13.1.

11.3.3.2 Record the arithmetic average
(Dc).

11.3.4 Solids Content. Determine the vol-
ume fraction (Vs) solids of the coating by
calculation using the manufacturer’s formu-
lation.

11.3.5 Exempt Solvent Content. Determine
the weight fraction of exempt solvents (WE)
by using ASTM Method D4457. Run a dupli-
cate set of determinations and record the
arithmetic average (WE).

11.4 Sample Analysis Criteria. For Wv and
Ww, run duplicate analyses until the dif-
ference between the two values in a set is
less than or equal to the intra-laboratory
precision statement for that parameter. For
Dc, run duplicate analyses until each value
in a set deviates from the mean of the set by
no more than the intra-laboratory precision
statement. If, after several attempts, it is
concluded that the ASTM procedures cannot
be used for the specific coating with the es-
tablished intra-laboratory precision (exclud-
ing UV radiation-cured coatings), the U.S.
Environmental Protection Agency (EPA)
will assume responsibility for providing the
necessary procedures for revising the method
or precision statements upon written request
to: Director, Emissions, Monitoring, and
Analysis Division, MD–14, Office of Air Qual-
ity Planning and Standards, U.S. Environ-
mental Protection Agency, Research Tri-
angle Park, NC 27711.

12.0 Calculations and Data Analysis

12.1 Nomenclature.

A = Area of substrate, cm2, (in2).
C = Amount of coating or ink added to the

substrate, g.
Dc = Density of coating or ink, g/cm3 (g/in3).

F = Manufacturer’s recommended film thick-
ness, cm (in).

Wo = Weight fraction of nonaqueous volatile
matter, g/g.

Ws = Weight fraction of solids, g/g.
Wv = Weight fraction of the volatile matter,

g/g.
Ww = Weight fraction of the water, g/g.

12.2 To determine if a coating or ink can
be classified as a thin-film UV cured coating
or ink, use the following equation:

C F Eq= A D  24-1c .
12.3 Calculate Wv for each analysis as

shown below:

W
W W

W
Eqv = −1 2

3

.  24-2

12.4 Nonaqueous Volatile Matter.
12.4.1 Solvent-borne Coatings.

W W Eqo = v  24-3.
12.4.2 Waterborne Coatings.

W W W Eqo w= −v  24-4.
12.4.3 Coatings Containing Exempt Sol-

vents.

W W W W Eqo E w= − −v  24-5.
12.5 Weight Fraction Solids.

W W Eqs = −1 v  24-6.
12.6 Confidence Limit Calculations for

Waterborne Coatings. To calculate the lower
confidence limit, subtract the appropriate
inter-laboratory precision value from the
measured mean value for that parameter. To
calculate the upper confidence limit, add the
appropriate inter-laboratory precision value
to the measured mean value for that param-
eter. For Wv and Dc, use the lower confidence
limits; for Ww, use the upper confidence
limit. Because Ws is calculated, there is no
adjustment for this parameter.

13.0 Method Performance

13.1 Analytical Precision Statements. The
intra-and inter-laboratory precision state-
ments are given in Table 24–1 in Section 17.0.

14.0 Pollution Prevention [Reserved]

15.0 Waste Management. [Reserved]

16.0 References

Same as specified in Section 6.0, with the
addition of the following:

1. Standard Procedure for Collection of
Coating and Ink Samples for Analysis by
Reference Methods 24 and 24A. EPA–340/1–91–
010. U.S. Environmental Protection Agency,
Stationary Source Compliance Division,
Washington, D.C. September 1991.
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